ABSTRACT
INTRODUCTION
Acute headache (primary and secondary) is a common neurological emergency that may be caused by a great variety of clinical conditions. However, the underlying causes may change pattern over time particularly where there is rapid social development. Clinical study of acute headache presenting in emergency departments has been previously reported [1] [2] [3] [4] [5] . Many acute secondary headaches can be misdiagnosed if appropriate investigations are not made, even life-threatening subarachnoid hemorrhage (SAH) [6] [7] [8] . However, there are few reports on patients with acute headache who are hospitalized at general department of neurology [9] . The aims of the study were to investigate underlying causes of acute headache and to determine predictors of outcome in patients with acute headache.
METHODS
Consecutive patients with acute headache admitted either directly or through the emergency department into a general department of neurology at a public hospital in China from February 2003 to January 2006 were prospectively evaluated. To be eligible, patients had to have what they described as an acute onset of sudden or severe headache. Acute headache was defined as a headache of acute or sudden onset and lasting several hours, which without the history of headache, or with the history of headache but no onset of headache at least over a > 2-month period. Severe headache was defined as worst of their lives or a significant lifestyle restriction. Thunderclap headache was defined as a sudden and severe headache with maximum intensity at onset. Patients with delayed loss of consciousness were accepted if they were initially alert at the onset of headache. Exclusion criteria included age <15 years, recent head trauma or lumbar puncture (LP), initial loss of consciousness, signs of hemiplegia, and history of ≥3 recurrent headaches of the same character and intensity as the presenting headache over a >6-month period. The study was approved by the Ethical Committee on Clinical Research of the hospital; informed consent was obtained from all patients or their families.
On admission, the patients responded to an approved questionnaire providing data on sex and age, prior headache ictus, and family history. All patients were examined by neurologist for clinical and full neurological states, especially meningismus, within 24 h from admission.
Computed tomography (CT) scan was performed by all patients within 24 h of admission to hospital. Following this procedure, patients with negative CT and suspected SAH or intracranial infection underwent LP examination. CSF was analyzed for white blood cell count and protein and glucose levels. Spectrophotometry for detection of oxyhemoglobin was also performed for these patients. Staining for acid-fast bacilli and a test for cryptococcal antigen were investigated.
In evaluation, case histories and test data were assessed by two experienced neurologists; separate diagnoses were made following guidelines of the International Classification of Headache Disorders (ICHD) [10] .
Statistical Methods
Data are presented as mean ± SD or n (%). Frequencies were compared by Chi-squared statistics or Fisher's exact test as appropriate. Continuous variables were compared by t test. Patient survival was assessed by univariate analysis. Predictors of outcome were identified with forward stepwise logistic regression. Differences with p-value <0.05 were considered significant. All statistical analyses were performed using SPSS version 10.0 software (SPSS Inc., Chicago, IL, USA).
RESULTS

Diagnosis of Acute Headache
A total of 130 consecutive patients (M/F, 54/64; age range, 15 -72 years) with acute headache were enrolled, which were admitted either directly to the hospital or through the emergency department. The interval from headache onset to admission in the majority of the patients was <24 h; in a few patients this was >1 week due to delayed referral from general practitioner. Shortest and longest length of hospitalization was 6 and 62 days, respectively; average stay was 18 ± 11 days.
Although many patients (n = 25; 19.2%) had a primary headache (all acute migraine) most cases were acute secondary headache (n = 105; 80.8%), among whom acute cerebrovascular events were noted in the majority (72.4%). Characteristics of 130 patients with acute headacheare shown in Table 1 .
Results of CT and LP evaluations are displayed in Table 2. In the positive CT group 73 patients (69.5%) were diagnosed, of whom 47 patients had SAH (64.4%), 15 The negative CT group included 57 patients in whom LP was performed in 31 cases (54.4%); in these individuals 7 patients with SAH were diagnosed by oxyhemoglobin CSF (12.3%; 6 cases by LP within 1 week of onset and 1 within 13 days, 2 of whom died). We diagnosed 17 intracranial infections (29.8%; 15 patients CSF positive and 2 CSF negative) including 5 cases of tuberculous meningitis, 6 viral meningitis, and 6 viral encephalitis.
Univariate and Multivariate Analysis of Outcome
Although 116 of 130 patients (89.2%) had a good outcome, 14 of 130 patients (10.8%) died during hospitalization, among whom the majority (12 cases; 85.7%) had SAH (of those, 75% died of rebleed); 1 patient (7%) died of fourth ventricle hemorrhage and 1 (7%) brain tumor. Univariate analysis of death in our patients is summarized in Table 3 . There was no difference in sex, age, sudden headache, vomiting, and fever in survival patients and those who died (p > 0.05). However, there were significant differences in headache versus thunderclap headache, meningismus, delayed loss of consciousness, and hypertension in the survival and non-survival group (p < 0.05). Table 4 summarizes the results of multiple logistic regressions based on four data of the original six variables. Significant predictors of death were severe versus thunderclap headache (OR, 0.255; 95%CI, 0.066 -0.990; 
DISCUSSION
In our 130 patients diagnosed according to ICHD standards secondary headache was the major cause of acute headache for hospitalization, in 80.8%, including acute cerebrovascular events in 72.4%, intracranial infection in 19.0%, and a few other causes. Acute primary headache only accounted for 19.2% of those hospitalized; all were acute migraine. This clinical study clearly indicates that in patients with acute headache referred for hospital treatment acute cerebrovascular events should be foremost borne in mind.
On the other hand, however, in our cohort the proportion with secondary headache and acute cerebrovascular events was significantly higher than previously observed in emergent patients in neurology departments reported in Canada and Norway [2, 3] , and cerebrovascular events were significantly higher than in patients hospitalized in Minnesota [9] . The present study shows that the pattern of causes for acute headache is not the same in emergency room and hospitalized patients, and may differ according to region, particularly the incidence of acute cerebrovascular events were higher in China than in western countries [11] [12] [13] .
SAH is a common cause of acute secondary headache in emergency settings [1] [2] [3] [4] [5] [6] . The present data demonstrated that SAH is also common cause of acute seconddary headache in hospitalized patients. The probability of detecting SAH is proportional to the clinical grade and time from the event [14] . In the first 12 h after SAH, the sensitivity of CT for SAH is 98% [15] , declining to 93% at 24 h [4] and 85% at 6 days after SAH [16] . In our 54 patients with acute headache from SAH most (87.0%) were diagnosed by CT scan, similar to the rate in the literature. We also showed that the probability of patients with acute headache attributed to SAH with a negative CT scan within 2 weeks of onset was 12.3%. This is similar to the report of O'Weill et al. [17] , in which patients with acute headache with SAH in the negative CT group accounted for 15% -24%. However, we have to point out that current proportion may be with potential limitations, as those SAH with initial loss of consciousness were not included.
Our study suggests that LP should be carried out in patients with suspected SAH and negative results on head CT [7] especially those with low Hunt and Hess grade on admission and normal diastolic blood pressure; those with suspected SAH but delayed CT scan should undergo LP [18] so as not to miss the most life-threatening diagnosis of SAH.
Our data show that acute lacunar infarction was also causative of acute secondary headache. Arboix et al. [19] noted that in patients with lacunar infarction, headache at stroke onset was more common in deep brain gray matter or brainstem topographies than in supratentorial white matter lesions. However, in our 3 patients with lacunar infarcts the lesions were located in the supratentorial white matter, suggesting that lacunar infarct in supratentorial white matter may also cause acute headache.
Acute primary headache in hospitalized patients was mainly migraine headache. Because most of our patients experienced first severe sudden attack of migraine, they were diagnosed as acute migraine with or without aura. This was similar to the pattern noted of Bø, S.H. et al. [3] .
In this study mortality of patients with acute headache during hospitalization was 10.8%. In these individuals SAH accounted for 85.7% of total deaths, including 2 patients who died with a negative CT scan and 1 oxyhemoglobin confirmed by LP. Our study showed that SAH is the most life-threatening acute secondary headache with a mortality of 75% for persons who rebleed, consistent with reported guidelines [14] . Moreover, we confirmed that sudden, severe headache rather than thunderclap headache, meningeal irritation, delayed loss of consciousness, and hypertension in the non-survival group were significantly higher than in survivors, which are so-called "red flag" symptoms as previously reported [20, 21] . On the other hand, multiple logistic regression analysis of our data revealed that severe head-ache and delayed loss of consciousness were significantly and independently related to poor outcome in acute headache.
We observed markedly higher percent hemorrhagic stroke than that reported in Western countries [22] . The high mortality of acute headache may be not only associated with higher percent hemorrhagic stroke, but also with higher mortality of hemorrhagic strokes [23] , particularly SAH [14] .
In conclusion, the main underlying cause of hospitalized acute headache was acute cerebrovascular events. Severe headache and delayed loss of consciousness are predictors for poor outcome of acute headache. Therefore, we believe that a better understanding of the causes changes of acute headache and predictors of outcome for acute headache patients would facilitate design of protocols describing its differential diagnosis and early intervention.
